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RESUMO

Introdugdo: Lupus Eritematoso Sistémico (LES) é uma doenca autoimune
inflamatdria crénica e complexa caracterizada por atividade anormal das células B e
T [1, 2], producdo de autoanticorpos e deposicdo de imunocomplexos, levando a
dano tecidual. Varios estudos tém abordado o papel das quimiocinas e seus
receptores em LES, porém ndao ha consenso quanto ao seu envolvimento na
patogénese da doenca. Entretanto, Mamtani et al descreveram a importante
associagao dos haplétipos humanos da regido promotora do CCR5 (HH) HHE e
HHG*2 com o risco de desenvolvimento de LES, enquanto HHF*1 foi indicado como
possivel protetor da mesma [17]. Objetivo: O presente trabalho visa investigar o
possivel papel de polimorfismos da regido promotora do gene CCR5 no
desenvolvimento e desfecho de LES através da comparagdo dos gendtipos e
haplotipos de pacientes vs controles pareados etnicamente. Além disso, sera
investigada uma variante do gene CCR2 fortemente associada ao gene CCRS.
Métodos e Resultados: Este estudo incluiu 382 pacientes com LES (289
classificados como de origem europeia e 93 de origem africana) e 375 controles
(243 de origem europeia e 132 de origem africana) genotipados para CCR2-641 G>A
(rs1799864), CCR5-59353 C> T (rs1799988), CCR5-59356 C>T (rs41469351),
CCR5-59402 A>G (rs1800023) e CCR5-59653 C>T (rs1800024) polimorfismos
através de PCR-RFLP e sequenciamento direto. Dados anteriores de CCR5A32
foram incluidos no estudo para inferir os haplétipos e como um possivel fator de
confusdo na regressao logistica binaria. Nossos resultados indicaram que CCR5A32
e as frequéncias reduzidas do haplétipo HHG*2 em pacientes de origem europeia
estavam associados ao desenvolvimento da doenga (p=0,001; OR 3,5; 95% CI 1,6-

7,5 e 2,0%,vs. 7,2% residual p= 2,9E-5, respectivamente). Em pacientes de origem
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africana, as frequéncias dos haplétipos HHA/HHB, HHC e HHG*2 diferiram entre
pacientes e controles (10% versus 20,5%, residual p= 0,003; 29,4%vs. 17,4%,
residual p=0,003 e 3,9%vs. 0,8%, residual p=0,023; respectivamente). Considerando
as manifestacdes clinicas da doenca, a presenca de CCR5A32 foi confirmada como
fator de suscetibilidade para nefrite classe IV no grupo de origem africana e quando
os pacientes foram considerados em conjunto (p corrigido=0,012; OR 3,0; 95% CI
3,0-333,3 e p corrigido= 0,0006; OR 6.8; 95%IC 1,9-2,48, respectivamente).
Conclusao: Este estudo indica que os polimorfismos da regido promotora do gene
CCR5 sao importantes modificadores da doenca em LES. Os dados atuais reforgam
o polimorfismo CCR5A32 como fator protetor para o desenvolvimento da doenca em
pacientes Euro-descendentes e como fator de suscetibilidade para nefrite classe IV
em pacientes Afro-descendentes. Além disso, também descrevemos uma frequéncia
reduzida de HHA/HHB e uma frequéncia aumentada de haplétipos HHC e HHG*2
em nossos pacientes Afro-descendentes, o que potencialmente reflete a expressao
aumentada de CCR5 em subconjuntos de células especificos e a reduzida

expressao de CCRS em geral.

Palavras-chaves: CCRS; polimorfismos do promotor CCR5; Lupus Sistémico; Lupus
eritematoso.



ABSTRACT

Introduction: Systemic Lupus Erythematosus (SLE) is a chronic and complex
inflammatory autoimmune disease characterized by abnormal activity of B and T cells
[1, 2], production of autoantibodies and deposition of immune complexes, leading to
tissue damage. Several studies have addressed the role of chemokines and their
receptors in SLE, but there is no consensus as to their involvement in the
pathogenesis of the disease. Mamtani et al described the important association of
human haplotypes of the CCR5 promoter regions (HH) HHE and HHG*2 to the risk of
SLE development, while HHF*1 was indicated as a possible protective factor [17].
Objective: The present work aims to investigate the possible role of polymorphisms
from the CCR5 promoter region in SLE development and clinical outcome, by
comparing the frequencies of genotypes and haplotypes from patients vs ethnically
matched controls. Furthermore, a CCR2 gene variation that is strongly associated to
CCRS5 will be analyzed. Methods and results: This study included 382 patients with
SLE (289 classified as of European ancestry and 93 of African ancestry) and 375
controls (243 of European ancestry and 132 of African ancestry) genotyped for
CCR2-641 G>A (rs1799864), CCR5-59353 C>T (rs1799988), CCR5-59356 C>T
(rs41469351), CCR5-59402 A>G (rs1800023) and CCR5-59653 C>T (rs1800024)
polymorphisms by PCR-RFLP and direct sequencing. Previous CCR5A32 data was
included in the study to infer haplotypes and as a possible confounder in binary
logistic regression. Our results indicated that CCR5A32 and reduced frequencies of
the HHG*2 haplotype in patients of European ancestry were associated to disease
development (p=0.001; OR 3.5; 95% CI 1.6-7, 5 and 2.0%, vs. 7.2% residual p=

2.9E-5, respectively). In patients of African descent, the frequencies of HHA/HHB,
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HHC and HHG*2 haplotypes differed between patients and controls (10% vs. 20.5%,
residual p= 0.003; 29.4% vs. 17.4%, residual p =0.003 and 3.9% vs. 0.8%, residual
p=0.023, respectively). Considering the clinical manifestations of the disease, the
presence of CCR5A32 was confirmed as a susceptibility factor for class IV nephritis
in the group of African ancestry, or when all patient data was combined (corrected
p=0.012; OR 3.0; 95% CI 3, 0-333.3 and corrected p=0.0006; OR 6.8; 95%Cl 1.9-
2.48, respectively). Conclusions: This study indicates that CCR5 promoter
polymorphisms are important disease modifiers in SLE. Current data reinforce the
CCR5A32 polymorphism as a protective factor for the development of the disease in
patients of European ancestry and as a susceptibility factor for class IV nephritis in
patients of African ancestry. Furthermore, we also describe a reduced frequency of
HHA/HHB and an increased frequency of HHC and HHG*2 haplotypes in our patients
of African ancestry, which could potentially reflect in a higher expression of CCRS5 in

specific cell subsets and in a lower expression of overall CCRS.

Keywords: CCR5; CCR5 promoter polymorphisms; Lupus, Systemic; Lupus

erythematosus.
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1 INTRODUCAO

Lapus Eritematoso Sistémico (LES) € uma doenga autoimune inflamatdria
crbnica e complexa caracterizada por atividade anormal das células B e T [1, 2],
producido de autoanticorpos e deposicao de imunocomplexos, levando a dano
tecidual. As quimiocinas e seus receptores sao atores centrais na regulagdo da
quimiotaxia de leucécitos na inflamacdo e acredita-se que tenham um papel
importante na patogénese de doengas autoimunes, incluindo LES [3, 4].

Varios estudos tém abordado o papel das quimiocinas e seus receptores em
LES, porém ndo ha consenso quanto ao seu envolvimento na patogénese da
doenca. Nao existe um tratamento especifico para LES, pois ndo existe um
protocolo padrao para todos os pacientes. Desta forma, uma ampla variedade de
medicamentos e normas € empregada, visando uma boa qualidade de vida [5].

Dada a falta de consenso sobre o papel dos receptores de quimiocinas na
patogénese de LES e a necessidade de mais estudos nessa area, o presente
trabalho visa investigar o possivel papel dos polimorfismos da regido promotora do
gene CCR5 no desenvolvimento de LES, comparando as frequéncias dos gendtipos
e haplétipos com controles pareados etnicamente e analisar se ha possivel

envolvimento dos polimorfismos no desfecho clinico da doenca.
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2 REVISAO DA LITERATURA

2.1. LUPUS ERITEMATOSO SISTEMICO (LES)

Lapus Eritematoso Sistémico (LES) € uma doenga autoimune inflamatdria
crbnica e complexa caracterizada por atividade anormal das células B e T [1, 2],
producido de autoanticorpos e deposicao de imunocomplexos, levando a dano
tecidual.

Fatores genéticos e ambientais (incluindo imunoldgicos e hormonais) sao
conhecidos por participar na etiologia de LES, porém, a sua causa subjacente exata
permanece desconhecida. Varios fatores influenciam a patogénese de LES, como
defeitos na apoptose, alteragcdes no sistema complemento e fungdo anormal das
células T e B, incluindo alteragdes no balango de citocinas ou quimiocinas [2, 6, 7].
As quimiocinas e seus receptores sao atores centrais na regulagdo da quimiotaxia
de leucdcitos na inflamacdo e acredita-se que tenham um papel importante na
patogénese de doengas autoimunes, incluindo LES [3,4].

Varios estudos tém abordado o papel das quimiocinas e seus receptores em
LES, porém ndo ha consenso quanto ao seu envolvimento na patogénese da
doenca. Os receptores de quimiocinas CCR2 e CCRS5 e alguns de seus ligantes
(por exemplo, MCP-1, MIP-13 e RANTES) ja foram sugeridos como tendo um papel
na patogénese de LES [3, 4, 8, 9]. CCR2 e CCR5 sao importantes receptores da
familia das quimiocinas CC, e os genes que codificam estas moléculas estédo
localizados em um cluster no cromossomo 3 na regidao 3p21.3-p24 [10]. CCR2 é
expresso em mondécitos, macrofagos, células dendriticas derivadas do sangue,

células T e B, células Natural Killer e basdfilos, sendo seus principais ligantes MCP-
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1, 2, 3 e 4, salientando-se alta especificidade para MCP-1 [11, 12 ]. CCRS5 é
expresso em mondécitos, macrofagos, células dendriticas, células T e B, e seus

principais ligantes sdao MIP13, MIP1a e RANTES [13, 14].

2.1.2 Diagnéstico

Para a realizagdo do diagnéstico de LES consideram-se os critérios clinicos,
0s quais sao manifestados ao longo do tempo e andlises laboratoriais. O que
dificulta este diagndstico € a ampla diversidade de sintomatologia, especialmente na
fase inicial. A doenca se manifesta principalmente com o aparecimento de lesbes
cutaneas em mulheres jovens nos seus periodos férteis (lembrando-se que sua
ocorréncia nao é exclusiva ao sexo feminino, mas ha uma relacdo aproximada de
9:1 de casos em relagdo ao sexo masculino) [15]. O American College of
Rheumatology estabeleceu originalmente onze critérios no diagnéstico de LES e o
paciente precisa apresentar quatro para poder ser considerado positivo. Os
diferentes critérios usados no diagnéstico sdo eritema malar, lesdo discoide,
fotossensibilidade, ulceras orais/nasais, artrite, serosite, comprometimento renal,
alteragdes neuroldgicas, alteragdes hematologicas, alteragbes imunologicas e
anticorpos antinucleares. Embora seja raro, alguns pacientes com LES podem né&o
apresentar quatro dos onze critérios citados [16]. No entanto, uma nova visao
considera que exames clinicos associados a ocorréncia de sintomas imunoldgicos ja
sao suficientes para o diagndstico de LES. A Ressonancia Magnética (RM) é um dos
exames mais indicados em pacientes com alteracbes neuropsiquiatricas,
possibilitando um diagndstico precoce e tratamento adequado. Os mecanismos

patolégicos das lesdes cerebrais nestes pacientes ainda ndo estdo claros e a
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visualizacdo por RM torna-se fundamental para o estudo dos mesmos [17].
Adicionalmente, autoanticorpos sao as evidéncias mais importantes nos exames
laboratoriais para o diagnéstico do LES. Os fatores nucleares (FAN) estdo presentes
em quase todos os casos de doenga ativa e reagem com componentes do nucleo
celular. Apesar de ndo serem especificos para LES, nenhuma outra situagao
fisiolégica ou de doenga apresenta frequéncia e titulos tdo elevados destes
componentes [5].

As manifestacdes clinicas da doenga incluem apresentagbes renais,
hematoldgicas, imunoldgicas, neuroldgicas, cutaneas, cardiovasculares e artrite. A
doenca afeta principalmente mulheres em idade reprodutiva, e como anteriormente
mencionado, numa frequéncia em torno de 9 mulheres para 1 homem. No Brasil,
existem poucos dados sobre a incidéncia de LES. Os dados disponiveis indicam que
a incidéncia varia de 4,8/100.000 habitantes/ano [18] a 8,7/100.000 habitantes/ano

no Nordeste [19].

2.1.3 Tratamento

Nao existe um tratamento especifico para LES, pois ndo se tem um protocolo
padrdo para todos os pacientes. Desta forma, uma série de medidas, entre
medicamentos e normas, sao empregadas para que se proporcione uma boa
qualidade de vida aos pacientes [5].

De acordo com SATO et al. (2002), algumas medidas gerais devem ser
adotadas como parte importante da abordagem terapéutica, tais como: oferecer

informagdes gerais sobre a doenga, o seu diagndstico e tratamento, fornecer
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acompanhamento psicolégico e incentivar a pratica de atividade fisica regular
(exceto em periodos de atividade sistémica da doenca).

Além disso, é de fundamental importancia a indicacdo de uma dieta
balanceada, evitando excesso de sal, carboidrato e lipidios. Os pacientes devem ser
aconselhados a evitar a exposi¢ao prolongada ao sol e a pratica do tabagismo. O
tratamento medicamentoso é prescrito de acordo com as manifestacdes clinicas e a
gravidade da doenca. Anti-inflamatoérios ndo esteroides (AINH) sdo utilizados no
tratamento de artralgias, artrite, febre e serosite, pericardite e pleurites leves. Os
antimalaricos também s&o indicados e os corticosterdides sao utilizados para
manifestagcbes mais graves ou quando os medicamentos mencionados acima nao
forem eficazes [16, 17, 20, 21]. A dosagem destes medicamentos deve ser
controlada para minimizar os efeitos colaterais.

Antimalaricos, como a cloroquina e o difosfato de cloroquina, sdo indicados
para reduzir a atividade da doenga e com isso evitar uso de corticosteroides [20, 21].
Os antimalaricos sdo essenciais e devem ser administrados por pelo menos seis
meses apos o controle dos sintomas da doenca. Corticosteroides como a prednisona
sdo administrados nas fases mais agudas da doencga [16, 17]. A melhoria dos
sintomas geralmente é notada apods varios dias de tratamento. Na maioria dos

pacientes, os antiinflamatorios sdo suficientes para controlar a doenga [20, 22].

2.2. O que sao polimorfismos?

Polimorfismos (originario do grego, poli= muitas, morfismos= formas)
genéticos sdo variagdes na sequéncia da molécula de DNA, podendo ser resultantes

de trocas, repeticdes, insergdes ou delegbes de uma ou mais bases nitrogenadas.
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Estas alteracbes podem estar localizadas em varias regides do gene: regiao
promotora, codificadora (éxons) ou nao codificadora (introns) [23, 71].

Para ser considerado um alelo, uma dada alteragao ou polimorfismo deve ter
frequéncia maior que 1% em uma dada populagéo, percentual este que a diferencia
de uma mutacdo pontual da molécula de DNA ainda n&o caracterizada como
polimorfica, a qual apresenta, portanto, frequéncia inferior a 1%. O genoma humano
possui um numero estimado de 30.000 e 35.000 genes e a sequéncia do DNA
apresenta similaridade de 99,9% entre diferentes individuos [71].

Esta incrivelmente pequena diferenga entre os individuos corresponde a
presenga dos polimorfismos. Os polimorfismos na regido promotora e codificadora
tém maior probabilidade de modificar o funcionamento do gene e,
consequentemente, a fungao da proteina formada [23]. O alelo € uma das diversas
variantes de um gene em uma determinada regido cromossdmica, conhecida por
locus (do latim “lugar”).

O locus é o local fixo no cromossomo onde esta localizado determinado gene.
O gendtipo representa o conjunto de alelos que ocupam um determinado locus em
um individuo, recebendo a denominagdo de homozigoto quando a mesma variante
ocupa o locus nos dois cromossomos homologos ou heterozigoto quando duas
variantes diferentes ocupam o locus em questao [24].

Um polimorfismo pode ter sua atividade dependente de heterozigose ou
homozigose, sendo mais expressivo em casos de homozigose para alelo de risco.
Vale ressaltar que um polimorfismo ndo € necessariamente deletério, podendo
inclusive estar relacionado a um beneficio para o portador do alelo variante [72].

Sendo assim, estudos que envolvem a relagdo dos polimorfismos a

susceptibilidade de situagcbes de risco podem auxiliar o desenvolvimento de
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melhores estratégias terapéuticas, incluindo modificacées de estilo de vida como
prevencdo de doengas [25]. Por exemplo, estudos no ambito da nutrigendmica e
nutrigenética abordam estratégias nutricionais eficientes para silenciar genes que
codificam condi¢gées de agravo a doencgas. Este tipo de relagdo gene vs doenca
demonstra a importancia de estudos dos fatores genéticos, os quais podem servir de

base para novas terapias e estratégias de prevencao [73].

2.2.1. CCR5 E SEUS POLIMORFISMOS

As quimiocinas sao moléculas reguladoras fundamentais no desenvolvimento,
diferenciacdo e migracdo de leucdcitos [26, 27, 28, 29 30]. O gene CCR5 e a
molécula por ele codificada sdo bastante conhecidos devido ao seu papel classico
como molécula co-receptora utilizada pelos virus HIV [26,31, 32, 33, 34, 35, 36]. O
receptor de quimiocina CC tipo 5 (CCR5) interage principalmente com as
quimiocinas CCL3 (MIP-1a), CCL4 (MIP-1B) e CCL5 (RANTES), as quais atuam
como agonistas de CCR5, estimulando a migragao celular e mediando respostas
inflamatdrias. Adicionalmente, a quimiocina MCP-3/CCL7 €& o principal ligante

antagonista do CCR5 [37, 38, 39, 40].

Além disso, CCR5 atua nas respostas imunes Th1 e a falta de sinalizag&o por
meio desta molécula leva a um direcionamento para respostas Th2. A proteina
CCRS5 tem um efeito regulador nas células inflamatorias, sendo que a expresséo de
CCRS ja foi observada em alguns subconjuntos de células T reguladoras (Treg).
[41,42, 43]. A proteina CCR5 humana (352 residuos) é codificada pelo gene CCR5
[Cromossomo 3 (3p.21.31)], que se apresenta altamente polimorfico [37, 44]. E

fundamental considerar que CCR5 medeia diferentes fungdes imunoldgicas, sendo
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assim possivel que a auséncia ou alteracdo de sua expressao promova alteracoes
de dificil detecgdo, mas com significado médico em um ambiente ou contexto

especifico.

O caminho do CCR5 entre a membrana plasmatica e o meio intracelular é
mediado por diferentes moléculas, incluindo clatrinas, B-arrestina 2 e quinase
regulada por sinal extracelular (ERK) 1 [45, 46]. Além disso, o CD4 intracelular
regula a expressao de CCRS5 na superficie celular [47]. Dentre os polimorfismos do
CCR5, o CCR5A32 (rs333) tem sido intensamente estudado em diferentes
populagdes humanas. A frequéncia de CCR5A32 é bastante variavel, dependendo

da origem étnica da populacéo [52, 74].

Em geral, a frequéncia do alelo A32 ¢é alta em populagdes de origem europeia
(por exemplo, 16% na Noruega e 11% na Alemanha) e baixa ou ausente em
populagdes africanas e asiaticas [48]. No entanto, ha exce¢des devido a eventos
migratorios. Por exemplo, a frequéncia do alelo A32 é relativamente alta em certos
grupos populacionais da Africa do Sul (13%) e no Chile (12%) [48]. Além disso, a
frequéncia do alelo A32 pode ser bastante variavel dentro do mesmo pais. No Brasil,
a frequéncia do alelo na populagao geral esta em torno de 4-5% [48, 49]. Na regiédo
sul do pais, a frequéncia pode chegar a 9% devido a migracdo de populag¢des
europeias para esta regiao [50, 51, 52].

Em geral, considera-se que a auséncia de CCR5 observada em individuos
homozigotos da variante CCR5A32 n&o esta associada a qualquer alteragao
fisiologica essencial grave. Embora seja geralmente aceito que individuos
homozigotos dessa variante ndo apresentam deficiéncias imunologicas ou clinicas
graves, [35,53] respostas inflamatorias exacerbadas ja foram relatadas em

associagao com a variante CCR5A32 [54].
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2.2.2 CCR5A32

CCR5A32 ¢é a variante genética do gene CCR5 mais estudada devido ao seu
forte efeito protetor contra a infeccdo pelo HIV. Esta variante consiste em uma
delecédo de 32 pares de bases na regido codificadora de CCR5, o que causa uma
mudanca do quadro de leitura e resulta em uma proteina truncada que nao é
direcionada para a superficie celular. Individuos com genétipo heterozigoto para
CCR5A32, se infectados pelo HIV, tém uma pequena protegdo contra a progressao
da doenca devido a expressao reduzida de CCR5 na superficie das células T CD4*.
Ja individuos homozigotos para esse polimorfismo (A32/A32) apresentam protecéao
virtualmente total contra a infecgdo pelo HIV tipo 1, uma vez que nenhuma
expressao de CCR5 é presente na superficie celular e, portanto, o virus ndo tem
onde ligar-se para promover uma efetiva invasao celular. [62, 63, 64, 65, 66, 67, 68,
69].

No Brasil, dois estudos avaliaram a variante CCR5A32 em lupus. Schauren et
al. investigaram o papel do CCR5A32 em pacientes com LES e controles saudaveis
do Rio Grande do Sul. Uma frequéncia menor do alelo CCR5A32 foi encontrada em
pacientes euro-brasileiros (2,7%) quando comparados aos controles euro-brasileiros
(7,5%), sugerindo um papel protetor da variante contra o desenvolvimento de Iupus
eritematoso sistémico [52]. No entanto, pacientes com o alelo CCR5A32
apresentaram maior predisposicdo ao desenvolvimento de nefrite classe IV em
comparagao aos pacientes sem o alelo, o que sugere um resultado clinico mais

grave associado a variante genética [52].
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Baltus et al. avaliaram as frequéncias de CCR5A32 em pacientes e controles

no estado do Parana. Ao contrario do primeiro estudo, a frequéncia do alelo
CCR5A32 foi estatisticamente maior em pacientes (6,8%) do que em controles
saudaveis (1,9%), sugerindo a variante como um fator de risco para LES. Além
disso, ao estratificar a amostra de acordo com a etnia, os pesquisadores
identificaram que individuos euro-brasileiros portadores do CCR5A32 eram mais
propensos a desenvolver LES do que os pacientes afro-brasileiros portadores da
variante [70]. Cabe salientar que CCR5A32 é uma variante pleiotrépica, podendo

portanto promover resultados diferentes em diferentes situacoes.
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2.23CCR5eLES

O progresso da doencga é afetado pelo inicio de respostas imunes inatas e
adquiridas, enquanto & acelerado por repetidas respostas imunes excessivas, as
quais levam a danos teciduais por meio de reag¢des autoimunes e deposicido de
complexos imunes [55, 56]. A inflamagao cronica e as respostas imunes hiperativas
em pacientes com LES desempenham um papel determinante na patogénese da
doencga. Varios tipos de células imunes contribuem para o priming, incidéncia,
progresséo e desfecho da doenca no LES. As células dendriticas (DCs), como
células imunes inatas centrais, sdo células primarias que determinam a diregcao das
respostas imunes a tolerancia ou ao estado inflamatério em pacientes com lupus
[57,58]. Os receptores de quimiocinas, como os receptores de superficie celular
imune, direcionam o recrutamento celular e a migragao para os linfonodos primarios,
induzindo assim respostas inflamatérias ou regulatérias [75].

A expressao de CCRS5 (ligantes CCL3, CCL4 e CCL5), CCR4 (ligantes CCL17
e CCL22) e CCRa3 (ligantes eotaxina e eotaxina-2) em diferentes células imunes esta
associada ao progresso da inflamagéo em LES [59, 60]. A expressdo de CCR5 em
células T ativadas esta associada a maior infiltracdo celular e inflamacéo.

O papel do CCR5 na patogénese de LES ainda é controverso, porém,
Mamtani et. al descreveram uma importante associacdo dos haplétipos humanos da
regidao promotora do CCR5 (HH) HHE e HHG*2 com o risco de desenvolver LES e
uma tendéncia do HHF*1 a protecdo da mesma [4]. Além disso, Aguilar et. al.
sugeriram um leve aumento na produg¢ao de autoanticorpos, no desenvolvimento de
nefrite e na gravidade da doenca em pacientes portadores do alelo CCR5A32 [61].

De acordo com o trabalho publicado pelo nosso grupo, Schauren et. al, mulheres de
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origem europeia com LES apresentaram menor frequéncia do alelo CCR5A32
quando comparadas a controles pareados etnicamente, enquanto a presenca do

alelo foi associada a nefrite grave em pacientes de origem africana [52].
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3.JUSTIFICATIVA

Com o melhor entendimento do envolvimento dos polimorfismos da regido
promotora de CCR5 no desenvolvimento de LES, sera possivel aprimorar o
prognoéstico e opgdes de tratamento da doenga, melhorando o desfecho clinico e

qualidade de vida dos pacientes.
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4. QUESTOES DE PESQUISA

Quais fatores relacionados ao perfil imunogenético do hospedeiro (especialmente
considerando-se os genes CCR2 e CCRY5) influenciam o desenvolvimento de LES,

seu estabelecimento e progressao da doenga?

5. HIPOTESE

O perfil imunogenético indicara como o individuo respondera a doencga, seja em

relagao ao tratamento, progresséo ou remissao da doenca.

6. OBJETIVOS

6.1. Objetivo Geral

Avaliar a influéncia de polimorfismos da regido promotora de CCR5 em

individuos com LES.

6.2. Objetivos Especificos

— Compreender a interagcédo entre a imunogenética em populagdo normal e
LES;
— Analisar a possivel influéncia e suscetibilidade a LES nos individuos com

polimorfismo na regido promotora de CCRS;
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ABSTRACT
Given the lack of consensus for the role of chemokine receptors in Systemic
Lupus Erythematosus (SLE) pathogenesis, there’s a need for further investigation.
Therefore, this study aims to explore the role of CCR5 promoter region
polymorphisms in the development of SLE. Using the comparison of the genotypes
and haplotypes from patients with SLE vs ethnically matched controls, the
association of the polymorphisms in the clinical outcome of the disease was
investigated. This study included 382 SLE patients (289 European-derived and 93
African-derived) and 375 controls (243 European-derived and 132 African-derived)
genotyped for the CCR2-641 G>A (rs1799864), CCR5-59353 C>T (rs1799988),
CCR5-59356 C>T (rs41469351), CCR5-59402 A>G (rs1800023) and CCR5-59653
C>T (rs1800024) polymorphisms though PCR-RFLP and direct sequencing. Previous
data from CCR5A32 analyzes were included in the study to infer the haplotypes and
as a possible confounding factor in the binary logistic regression. Our results
indicated that European-derived patients presented reduced frequencies of
CCR5A32 and the HHG*2 haplotype in comparison to controls, which was
associated development of the disease (p=0.001; OR 3.5; 95%CI 1.6-7.5 and 2.0%,
vs. 7.2% residual p= 2.9E-5, respectively). Additionally, the HHA/HHB, HHC and
HHG*2 haplotype frequencies differed between African-derived patients and controls
(10% vs. 20.5%, residual p= 0.003; 29.4% vs. 17.4%, residual p=0.003 and 3.9% vs.
0.8%, residual p=0.023; respectively). Considering the clinical manifestations of the
disease, CCR5A32 presence was confirmed as a susceptibility factor to class IV
nephritis in the African-derived group and when all patients were grouped for
comparison (pcorrected=0.012; OR 3.0; 95%CI 3.0-333.3 and pcorrected= 0.0006;

OR 6.8; 95%CI 1.9-2.48, respectively). In conclusion, this study indicates that CCR5
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promoter polymorphisms are important disease modifiers in SLE. Present data
reinforces CCR5A32 polymorphism as a protective factor for the development of the
disease in European-derived patients and as a susceptibility factor for class IV
nephritis in African-derived patients. Furthermore, we also describe a reduced
frequency of HHA/HHB and an enhanced frequency of HHC and HHG*2 haplotypes
in African-derived patients, which could reflect in a higher expression of CCR5 in

specific cell subsets and in a reduced expression of CCRS overall.

Keywords: CCRS5, CCR5 promoter polymorphisms, Lupus, Systemic Lupus

Erythematosus.

1. INTRODUCTION

Systemic Lupus Erythematosus (SLE) is a chronic inflammatory autoimmune
disease characterized by abnormal activity of B and T cells [1, 2], autoantibodies
production and immunocomplex deposition leading to tissue damage. The clinical
manifestation of the disease include renal, hematological, immunological,
neurological, cutaneous, and cardiovascular alterations, in addition to arthritis. The
disease affects mainly women in reproductive age, in a frequency of 9 women to 1
man. In Brazil, there are few data regarding the incidence of SLE. Available data
indicate that the disease incidence ranges from 4.8/100,000 inhabitants/year [3] to
8.7/100,000 inhabitants/year in the northeast [4]. The disease seems to be more
frequent in African-derived individuals and less frequent in native Africans [5, 6].

Genetic, immunological and environmental factors are known to participate in
the etiology of the disease, where many components play a role its pathogenesis;

those include defects in apoptosis, alterations of the complement system, abnormal



30
function of T and B cells, and alterations in the cytokines or chemokines balance [2,
7-14]. Chemokines and their receptors are central players in the regulation of
leucocytes chemotaxis in inflammation, and they are thought to have an important
role in the pathogenesis of autoimmune diseases, including SLE [15-17].

Several studies have addressed the role of chemokines and their receptors in
SLE, however, there is no consensus regarding their involvement in the
pathogenesis of the disease. For instance, the chemokine receptors CCR2 and
CCR5 and their ligands MCP-1, MIP-18 and RANTES have been previously
suggested to have a role in SLE pathogenesis [13, 15, 17-20]. CCR2 and CCRS5 are
important chemokine receptors of the CC chemokine family, localized in a cluster on
chromosome 3 in the 3p21.3-p24 region [21]. CCR2 is expressed on monocytes,
macrophages, blood-derived dendritic cells, T and B cells, Natural Killer cells and
basophils, and its main ligands are MCP-1, 2, 3 and 4, with high specificity for MCP-1
[22, 23]. CCRS5 is expressed on monocytes, macrophages, dendritic cells, T and B
cells, and its main ligands are MIP13, MIP1a e RANTES [24-27].

CCRS role in SLE pathogenesis is still controversial. Mamtani et al. has
described the association of the CCR5 promoter region human haplotypes (HH) HHE
and HHG*2 to the risk of developing SLE, while HHF*1 was described as a
protective factor [17]. Additionally, Aguilar et al. suggested a slight increase in the
production of autoantibodies, nephritis development and disease severity in patients
bearing the CCR5A32 allele [28]. According to the previous work from our group [60],
SLE European-derived women presented a lower frequency of the CCR5A32 allele
when compared to ethnically matched controls, and the presence of the allele was

associated to severe nephritis in African-derived patients.
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Given the lack of consensus for the role of chemokine receptors in SLE
pathogenesis, this study aims to investigate the role of the CCRS5 promoter region
polymorphisms in the development of SLE through the comparison of patients’
genotypes and haplotypes to ethnically matched controls, analyzing the involvement

of the polymorphisms in the clinical outcome of the disease.

2. METHODS
2.1. Study populations

There were included 382 SLE patients (289 European-derived and 93 African-
derived) from the state of Rio Grande do Sul, in the southern region of Brazil.
Records and samples were provided by the Rheumatology Clinic of the “Hospital de
Clinicas de Porto Alegre” (HCPA). The control group included 375 healthy blood
donors (243 European-derived and 132 African-derived); of these, 301 from Rio
Grande do Sul (RS) and 74 from Rio de Janeiro (RJ), in the southeast region of
Brazil. Both patients and controls were recruited by convenience sampling. Ethnical
classification was based on the physical appearance as judged by the researcher at
the time of blood collection and on data about the ethnicity of parents/grandparents
reported by the participants.

The self-reported “color” classification frequently used in Brazil is well
documented in different studies [29-31], including previous studies from our group
[32, 33]. It is noteworthy that, in Southern Brazilian populations from the same region
addressed in this study, the individuals classified as “White” have a mean European
ancestry of 85.5% and ~1% of African ancestry, while individuals classified as
“‘Brown” and “Black” have approximately 45% of African, 44% of European and 11%

of Amerindian ancestry [29]. This study also revealed that the genomic ancestry of
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individuals from different geographical regions of Brazil is more uniform than
expected.

SLE patients were diagnosed according to the revised American College of
Rheumatology criteria [34, 35]. The clinical and laboratory variables evaluated in this
study were accessed at diagnosis and updated according to the medical records of
the patients and included: photosensitivity, malar rash, discoid rash, oral or nasal
ulcers, arthritis, serositis -pleuritis or -pericarditis, nephritis and neurological disease -
seizures or psychosis. The laboratory evaluation included the presence of
hematological disorders such as hemolytic anemia, leukopenia, lymphopenia or
thrombocytopenia, immunological disorders, and positive antinuclear antibody (ANA).
SLEDAI (Systemic Lupus Erythematosus Disease Activity Index) [36] and SLICC
(Systemic Lupus International Collaborating Clinics) damage index [37] were applied
to each patient as a measurement of disease activity and cumulative damage,
respectively. Lupus nephritis classification was performed according to the World
Health Organization (WHO) classification from 1982, revised in 2003 [38], and renal
biopsy recommendation criteria were persistent protein excretion greater than 500
mg/day and/or an active urinary sediment with hematuria, typically dysmorphic, and
cellular casts [39]. Class IV nephritis was included in the analyses of clinical
manifestations, as our previous work indicates that CCR5A32 African-derived carriers
presented a higher predisposition to this class of nephritis.The present study was
approved by the ethics committee from the HCPA/UFRGS and informed consent was

obtained from all subjects.

2.2. PCR and Genotyping
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DNA samples were extracted by salting out method and stored at -20°. The
CCRS5 promoter region polymorphisms CCR5-59353 C>T (rs1799988), CCR5-59356
C>T (rs41469351), CCR5-59402 A>G (rs1800023) and CCR5-59653 C>T
(rs1800024) were amplified in each sample by Polymerase Chain Reaction (PCR)
using the primers LK84 and LK87 previously described [40, 41]. Amplification was
performed in a final volume of 30 pl containing 5 mM each of dNTP; 37.5 mM MgCI2;
5 pmol/ul of each primer; 1 unit of Platinum Tagq DNA Polymerase in 10X PCR-
specific buffer (Invitrogen-Life Technologies, Sao Paulo, Brazil) and 10 to 100 ng of
genomic DNA. The initial denaturation cycle was carried out at 94°C for 5 minutes;
followed by 35 cycles at 95°C for 30s; 60°C for 30 s; 72°C for 1 minute and by a final
extension step at 72°C for 5 minutes. The amplification product was quantified (10 to
50 ng/pl) by Low Mass (Invitrogen-Life Technologies, Sado Paulo, Brazil) in 1%
agarose gel. Each PCR product was purified and sequenced using LK84 primer in an
ABI 3730 XL DNA Sequencer according to the manufacturer's manual by Macrogen
Korea (Macrogen Inc.). Genotyping was performed by interpretation of
chromatogram peaks through FinchTV Software Version 1.4.0. The CCR2-641 G>A
(rs1799864) polymorphism was genotyped through PCRRFLP (Restriction Fragment
Length Polymorphism) assay using BsaBl restriction endonuclease as defined by

Smith et al. [42] and the assay was performed as described by Vargas et al. [43].

2.3. Statistical analysis

Due to the lack of some clinical and/or laboratory data in the medical records,
some analysis may not include all the individuals genotyped in this work. The
genotypic frequencies of the polymorphisms in the promoter region of CCRS5,

including CCR2, were compared with Hardy-Weinberg expectations using chi-square
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tests. Comparisons of the polymorphisms’ frequencies by ethnicity in control and
patient groups were performed using Binary Logistic Regression controlling for
gender. For susceptibility analysis, we considered the presence or absence of the
polymorphic variant designated as carriers and non-carriers, respectively.

These frequencies were compared between patients and controls, between
control groups from RS and RJ and between patients with or without a given clinical
or laboratory feature using Binary Logistic Regression controlling for possible
confounding factors. Ranks for SLICC and SLEDAI were analyzed by Mann-Whitney
tests. Statistical analysis was performed using the software SPSS 15.0 (SPSS Inc.,
Chicago, lllinois, USA) and WinPepi [44]. Haplotypes were estimated by Milocus
software and included the polymorphisms CCR2-641, CCR5-59353, CCR5-59356,
CCR5-59402, CCR5-59653 and CCR5A32. Of note, CCR5A32 genotypes were
previously obtained by our group (Schauren et al. 2013). Haplotype frequencies were
compared between patients and controls in European and African-derived groups by
chi-square tests.

Significance level was established as p=0.05 (two-tailed) and Bonferroni

correction for multiple comparisons was applied when the p value was significant.

3. RESULTS
3.1. Patients and controls

Due to the known differences in the disease incidence [5] and in the CCRS
promoter region genotypic frequencies [45] among different ethnicities, analyzes
were stratified or controlled by the most frequent ethnicities in our population,
European and African ancestry. Patients comprised of 350 women and 32 men. The

average age of patients was 45.4 + 15.1 years old and the mean age at diagnosis
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was 32.6 £+ 13.9 years old. The median value for the SLEDAI accessed at the first
evaluation was 1.0 (0 and 4.0 for percentiles 25 and 75, respectively) and the SLICC
index was 1.0 (0 and 2.0). Other clinical characteristics are shown in Table 1.
Comparisons between European-derived and African-derived patients concerning
disease manifestations have already been addressed in this cohort by Monticielo et
al. [46]. Comparisons indicated that European-derived patients presented higher
photosensitivity and reduced presence of leukopenia/lymphopenia and the
autoantibodies anti-Ro/SS-A and anti-La/SS-B [46].

Furthermore, it was observed that male patients presented a higher frequency
of nephritis than female patients, although the number of male patients in this group
is relatively small. Control group consisted of 90 women and 260 men, and the mean
age of controls was 41.4 +10.1 years old. All analyzes involving control group were
controlled by this factor, age. Comparing the genotypic frequencies of all
polymorphisms addressed in this study, controlling for gender and age, control
groups from RS and RJ did not differ statistically. Therefore, we joined these groups

and considered the control group as one.
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Table 1: Clinical and laboratory features in European-derived, African-derived and in the
whole group of SLE patients:

African-derived Whole
N/total N (%) N/Total N (%)

European-derived

Patients’ features N/total N (%)

Females 263/289 (91.0) 87/93 (93.5) 350/382 (91.6)
Age (years) 45.5+15.0 44.7+13.5 453 +14.7
Age at diagnosis (years) 32.1+13.8 33.7+13.7 32.6 £13.9
SLEDAI* 1.0 (0, 4.0) 1.0 (0, 4.0) 1.0 (0, 4.0)
sLIicC® 1.0 (0, 2.0) 1.0 (0, 2.0) 1.0 (0, 2.0)
Malar rash 164/289 (56.7) 48/93 (51.6) 214/384 (55.7)
Discoid rash 43/289 (14.9) 15/93 (16.1) 58/384 (15.1)
Photosensitivity 234/289 (81.0) 55/93 (59.1) 290/384 (75.5)
el ullars 107/289 (37.0) 30/93 (32.3) 137/384 (35.7)
Arthritis 240/289 (83.0) 75/93 (80.6) 315/384 (82.0)
Serositis 83/287 (28.9) 34/93 (36.6) 117/382 (31.6)
Neurologic disorders 35/289 (12.1) 10/93 (10.8) 46/384 (12.0)
Nephritis 124/289 (42.9) 43/93 (46.2) 167/384 (43.5)
Hematological disorders 216/189 (74.7) 82/93 (88.2) 300/384 (78.1)
Immunological disorders 196/286 (68.5) 64/93 (68.8) 261/381 (68.5)
ANA® 287/288 (99.7) 92/93 (98.9) 381/383 (98.2)

aSystemic Lupus Erythematosus Disease Activity Index, ® Systemic Lupus International Collaborating
Clinics and ¢ Antinuclear Antibody. * Median, percentiles 25.75. (total numbers can vary due to the lack
of data).

3.2. Genotypes

Genotypic frequencies of the polymorphisms in patients and controls are
presented in table 2. All groups were in Hardy-Weinberg equilibrium, exception made
for CCR5-59653 frequencies in European-derived control group and in the whole
group (data not shown). We observed that in the control group, the frequencies of the
CCR5-59353, CCR5-59356 and CCR5-59402 polymorphisms were different between
European- and African-derived groups (pcorrected=0.018, pcorrected=0.004 and
pcorrected<0.001, respectively). In SLE group, only the CCR5-59356 polymorphism
frequency  differed  between

European- and  African-derived  groups

(pcorrected=0.002).



Table 2: Genotypes of the CCR5 promoter region polymorphisms and frequency of the
variant allele in European-derived, African-derived and in the whole group of SLE patients:
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Polymorphism Genotypes Eu_ropean-derived A.frican-derived _ Whole
Patients Controls Patients Controls Patients Controls
wtiwt (%) g T T2(774) 65(706) 203 (76.1) 259 (77.8)
wt/641 (%) 65 (22.7) 42 (17.4) 18(22.7) 26 (17.4)  83(21.6) 68 (20.4
CCR2-641 641/641 (%) 4 (1.4) 5 (2.1) 3(1.4) 1(2.1) 9(2.3) 6(1.8)
Total n 286 241 93 92 385 333
641(frequency) 0.13 0.11 0.13 0.15 0.13 0.12
CC (%) 82(28.6) 74 (31.1) 26(28.3) 32(24.4) 113 (29.4) 106 (28.7)
CT (%) 152 (53.0) 116 (48.7) 43 (46.7) 67 (51.2) 195 (50.6) 183 (49.6)
CCR5-59353 TT (%) 53 (18.5) 48(20.2) 23(25.0) 32(24.4) 77(20.0) 80(21.7)
Total n 287 238 92 131 385 369
T (frequency) 0.45 0.45 0.48 0.50 0.45 0.46
CC (%) 281 (97.6) 234 (98.3) 76 (83.5) 100 (76.4) 363 (94.3) 334 (90.5)
CT (%) 7(7.24) 4(1.7) 14 (15.4) 29 (22.1) 21 (5.5) 33 (8.9)
CCR5-59356 TT (%) 0 (0) 0 (0) 1(1.1) 2(1.5) 1(0.3) 2(0.5)
Total n 288 238 91 131 385 369
T (frequency) 0.01 0.01 0.08 0.13 0.03 0.05
AA (%) 116 (40.3) 104 (43.7) 49 (53.3) 87 (66.4) 170 (44.0) 191 (51.8)
AG (%) 144 (50.0) 103 (43.3) 32 (34.8) 43(32.8) 177 (45.9) 146 (39.6)
CCR5-59402 GG (%) 28(9.7) 31(13.0) 11(120) 1(0.8) 39(10.1) 32(8.7)
Total n 288 238 92 131 386 369
G (frequency) 0.35 0.35 0.29 0.17 0.33 0.28
CC (%) 220 (76.4)194(81.5)* 70 (76.1) 87 (66.4) 294 (76.2) 281 (76.2)*
CT (%) 63 (21.9) 38 (16.0) 19 (20.7) 37 (28.3) 82 (21.2) 75 (20.3)*
CCR5-59402 TT (%) 5(1.7) 6(2.5) 3(3.3) 7(5.3) 10 (2.6) 13(3.5)
Total n 288 238 92 131 386 369
T (frequency) 0.13 0.10 0.14 0.19 0.13 0.14

* Not in Hardy-Weinberg equilibrium.

3.3. Susceptibility analysis

As our previous work indicates CCR5A32 (32 bp deletion which generates a

truncated protein that does not reach the cell surface) as a protective factor to the

development of SLE, we have included this polymorphism, ethnicity, gender and

potential interactions as possible confounding factors in the binary logistic regression

analysis. The final model included CCR2-641, CCR5-59353, CCR5-59356, CCRS&-
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59402, CCR5-59653 and CCR5A32 polymorphisms, gender, and ethnicity. In the
analysis considering patient and control groups as a whole, the genotypic
frequencies of the CCR2-641, CCR5-59353, CCR5-59356, CCR5-59402 and CCR5-
59653 did not differ between these groups, while only female gender and the
CCR5A32 wild type homozygous (wt/wt) were associated with the disease, as shown
in table 3 (p<0.001; OR 25; 95%Cl 15.8-39.4 and p=0.010; OR 2.5; 95%CI 1.2-5.0,
respectively). When split by ethnicity, the analysis of European-derived groups also
indicated female gender and CCR5A32 wt/wt association with the disease (p<0.001;
OR 22; 95%CIl 13.3-36.4 and p=0.001; OR 3.5; 95%CI 1.6-7.5, respectively).
Meanwhile, in the African-derived group, only female gender was associated with the

disease (p<0.001; OR 58.4; 95%Cl 16.8-203.2) (table 3).
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Table 3: Binary Logistic Regression comparisons of the presence or absence of the
polymorphic variants of CCR5 promoter region polymorphisms in patients and controls as a
whole group and by ethnicity — final model.

Patients vs. controls Variables OR* 95% ClI Significance

CCR2 (wt/wt°) 0.6 0.1-2.2 0.420
CCR5-59353 (CC) 1.3 0.7-2.6 0.452
CCR5-59356 (CC) 0.9 0.4-2.7 0.992
Whole CCR5-59402 (AA) 0.8 0.4-1.5 0.540
(At V7 24385 CCR5-59653 (CC) 14 0455 0.581
CCR5A32 (wt/wt) 25 1.2-5.0 0.030*

Gender (female) 25.0 15.8-39.4 <<0.001*
Ethnicity (European) 0.7 0.4-1.2 0.158
CCR2 (wt/wtC) 0.8 0.2-3.4 0.752
CCR5-59353 (CC) 1.0 0.5-2.3 0.899
CCR5-59356 (CC) 0.7 0.1-3.7 0.698

European-derived

(282 vs. 234) CCR5-59402 (AA) 1.0 0.5-2.0 0.935
CCR5-59653 (CC) 1.1 0.2-4.8 0.923
CCR5A32 (wt/wt) 3.5 1.6-7.5 0.003*

Gender (female) 22.0 13.3-36.4 <<0.001*
CCR2 (wt/wt°) 0.2 0.01-2.9 0.236
CCR5-59353 (CC) 2.1 0.4-10.0 0.340
CCR5-59356 (CC) 0.8 0.2-3.7 0.813

African-derived

(89 vs. 51) CCR5-59402 (AA) 0.5 0.1-1.8 0.277
CCR5-59653 (CC) 2.8 0.2-35.3 0.425
CCR5A32 (wt/wt) 0.1 0.01-1.5 0.105

Gender (female) 58.4 16.8-203.2 <<0.001*

a OR: Odds Ratio, ? Cl: confidence Interval and ¢ wt/wt: Homozygous for wild type allele.
*Bonferroni corrected p values.



40

3.4. Clinical manifestations

The prevalence of the clinical and laboratory features of SLE patients was
compared considering the presence or absence of each variant allele, while
controlling for confounding factors. Considering patient group as a whole and splitting
the analysis by ethnicity, only the CCR5A32 presence was confirmed as a
susceptibility factor to class IV nephritis in the African-derived group, and when the
patient group was considered as a whole (pcorrected=0.012; OR 3.0; 95%CI 3.0-
333.3 and pcorrected= 0.0006; OR 6.8; 95%CI| 1.9-2.48, respectively). European-
derived patients showed the same tendency, however, after correction, the analysis
lost its significance. None of the clinical and laboratory features included in the

analyzes were significantly associated to any of the other polymorphic variants.

3.5. Haplotypes

Linkage disequilibrium (LD) between polymorphisms for patients and controls
are presented in table 4. LD was considered significant when p<0.05 and Lewontin
Normalized Coefficient D’=1. None of the polymorphisms in LD presented complete
LD (r*<0.50). All groups presented LD between the CCR5-59353 and CCR5-59356,
which was expected due to the vicinity of these polymorphisms (3bp distance).
Beyond the data presented in table 4, we observed that in the LD analysis between
the CCR5-59353, CCR5-59356, CCR5-59402 and CCR5-59653 polymorphisms,

almost all combinations had a D’>0.9.
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Table 4: Groups that presented significant linkage disequilibrium between

polymorphisms:

Polymorphisms CCR2-641  CCR5-59353 CCR5-59356 CCR5-59402  CCR5-59653
CCR2-64I - - - . :
CCR5-59353 CAD -
C, CED, CAD,
CCR5-59356 C, CAD L, LED, LAD ) : -
CCR5-59402 CAD CAD, LAD = Eﬁg’ -
CED, CAD, C, CED,
CCR5-59653 i CAD CAD. LAD -
CCR5A32 LAD C, CED

C: Control group as a whole, CED: European-derived control group, CAD: African-derived control
group, L: Lupus patient group as a whole, LED: Lupus European-derived patient group, LAD: Lupus
African-derived patient group.

A set of seven evolutionary distinct human haplotypes in the promoter region
of the CCR5 gene has already been described, namely HHA, HHB, HHC, HHD, HHE,
HHF (F*1, F*2), and HHG (G*1, G*2) [47]. Since the frequencies of other haplotypes
were very low, we joined rare haplotypes into two groups considering the presence or
absence of the CCR5A32 allele: rare bearing d32 and rare not bearing d32.

Haplotype frequencies and comparisons between patients and controls in
European- and African-derived groups are presented in table 5. Comparisons
between patients and controls haplotype frequencies showed that overall frequencies
differed in both European- and African-derived groups (pcorrected = 0.006 and
0.002, respectively). In the European-derived group, only the HHG*2 haplotype
frequency was significantly higher in controls than in patients (7.2% vs. 2.0%,
residual p= 2.9E-5). In the African-derived group, the HHA/HHB, HHC and HHG*2
haplotype frequencies differed between patient and control groups (10% vs. 20.5%,
residual p= 0.003; 29.4% vs. 17.4%, residual p=0.003 and 3.9% vs. 0.8%, residual n

p=0.023; respectively).
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Table 5: Haplotype frequencies and comparisons between patients and controls in
European- and African-derived groups:

AL Pationte. Controls  Patients Controls
HHA or HHB VTCAC wit (%) 51 (9.1) 44 (9.3) 18 (10.0)° 53 (20.5)°
HHC VTCGC wit (%) 192 (34.2) 161 (34.1) 53 (29.4)° 45 (17.4)°
HHD VTTAC wit (%) 7(1.2) 4(0.8) 16 (8.9) 33 (12.7)
HHE or HHG*1 VCCAC wt (%) 229(40.8) 176(37.3) 60(33.3)  75(29.0)
HHF*1 VCCAT wit (%) 3(0.5) 2(0.4) 2(1.1) 8 (3.1)
HHF*2 ICCAT wt (%) 67(11.9) 48(10.2) 23(12.8) 42 (16.2)
HHG*2 VCCAC d32 (%) 11 (2.0)2 34 (7.2)? 7 (3.9)¢ 2(0.8)¢
Rre bearingd32 - - - - - d32 (%) 4 (0.7) 1(0.2) 0 (0) 0 (0)
Rare not bearingd32 - - - - - wit (%) 8 (1.4) 2(0.4) 1 (0.6) 1(0.4)
Total 572 472 180 259
Significance (pcorrected) 0.006 0.002

a residual p=2.9E-5, ? residual p= 0.003, ¢ residual p=0.003 and ¢ residual p=0.023.

4. DISCUSSION

In Brazil, two studies have evaluated the CCR5A32 variant in lupus. Schauren
et al. investigated the role of CCR5A32 in healthy controlled patients from Rio
Grande do Sul. A lower frequency of the CCR5A32 allele was found in Euro-Brazilian
patients (2.7%) compared to Euro-Brazilian controls (7.5%), suggesting a variant
protective role against the development of systemic lupus erythematosus. This work
corroborates our previous findings on the involvement of CCR5A32 in SLE protection
in patients of European origin, and susceptibility to class IV nephritis in patients of
African origin and in SLE patients as a whole. [60]

In the previous study, European-derived patients presented a lower frequency
of the CCR5A32 polymorphism (in other words, a higher frequency of homozygous
for the wild type allele, which promotes a normal production of this cell surface

receptor) when compared to ethnically matched controls, suggesting that the lack of
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CCRS5 in the immune cells surface could be a protective factor against the disease
[60].

In the present study, CCR5A32 polymorphism was included in the logistic
regression model and, even when controlled for gender and the CCRS5 promoter
region polymorphisms, including CCR2-64l, it was the only polymorphism
significantly associated with protection against the disease. Furthermore, HHG*2
haplotype, bearing the CCR5A32 allele, was the only haplotype associated to SLE
protection in European-derived patients.

These findings are interestingly opposed to the results found by Mamtani et
al., which indicated that the HHG*2 haplotype was a risk factor for developing SLE
[17], probably reflecting different genetic background of the studied populations.
Interestingly, a recent study performed in Germany indicated that CCR5*/CCR3* T
helper cells ratio was enhanced in patients with active Cutaneous Lupus
Erythematosus [48], which is in accordance to our findings. Moreover, another
German study demonstrated that the presence of the CCR5A32 has a protective
effect on the development of another autoimmune disease, Rheumatoid arthritis (RA)
[49], which was also associated with a diminished expression of the CCR5A32 allele
in European patients overall [50].

In the African-derived group analysis, the frequencies of the haplotypes
HHA/HHB, HHC and HHG*2 differed between patient and control groups. HHG*2
haplotype frequency was slightly increased in patients when compared to controls,
which was the opposite of European-derived patients, and corroborates the results of
Mamtani et al. [17].

This finding is very interesting, since HHG*2 bears the CCR5A32 allele. This

allele is not originally present in native African populations [51], and its presence in
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African-derived individuals results from miscegenation. None of the studies regarding
CCR5A32 involvement in SLE addressed African-derived patients [17, 28, 52]. Picton
et al. described that CCRS5 promoter haplotypes influence CCR5 expression in
Natural Killer (NK) and in T cell subsets in South African populations [53]. They
demonstrated that HHC* haplotype increased the expression of CCR5 in NK cells
(independent of the presence of CCR5A32) and in CD8" T cells (dependent on the
presence of CCR5A32 ) in South African Caucasian individuals, and that HHA
haplotype was associated with a diminished expression of CCR5 in CD8* T cells.

Bearing this in mind, we can infer that the diminished frequency of HHA and
the enhanced frequency of HHC in our African-derived patients could be related to a
higher expression of CCRS in specific cell subsets and to a lower expression of
CCRS overall.

Regarding CCR2-641 polymorphism, no direct association with SLE was
found, in accordance to Aguilar et al. [28]. Data available in the literature is
conflicting. The study conducted by Amoura et al. indicated that CD4*CCR2* T cells
are decreased in French patients during lupus flares [54], however the study
conducted by Li et al. indicates that CCR2 expression is higher in Chinese patients
with active disease [16]. The same study reported increased CCR5 mRNA levels in
SLE patients compared to controls, which was consistent to the findings of Al-Saleh
et al. They have reported a significantly elevated expression of CCR5 and CXCR3
on the surface of CD4" T cells of active SLE patients vs SLE patients in remission
and healthy controls [55].

Concerning clinical manifestations, only the CCR5A32 was confirmed as a

susceptibility factor to class IV nephritis, as previously discussed [60]. That was also
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true when controlling for the presence of the CCR5 promoter region polymorphisms,
including CC2-64l, gender and ethnic origin.

The apparent controversial role of CCRS described by the present study is not
a novelty in autoimmune diseases. This subject has been extensively debated in RA
[50, 56, 57]. It is suggested that the reduced expression of CCRS5 is protective
against the development of RA, and our analyzes in SLE follow the same trend.

Baltus et al. evaluated CCR5A32 frequencies in patients and controls in the
state of Parana, Brazil. The frequency of the CCR5A32 allele was statistically higher
in patients (6.8%) vs controls (1.9%), suggesting the variant as a risk factor for SLE.
Furthermore, when stratifying the sample according to ethnicity, researchers
identified Euro-Brazilian individuals carrying CCR5A32 as more likely to develop SLE
than African-Brazilian patients carrying the variant. However, CCR5A32 is a
pleiotropic variant, promoting different results in different situations [61].

The study also states that the CCR5A32 polymorphism may be associated
with genetic susceptibility to SLE and early age at onset of the disease, suggesting it
as one of the influential factors in the development and prognosis of SLE. The
literature shows the need for further studies on the influence of CCR5 and other
polymorphisms of chemokine receptors on the immune response in patients with SLE
[61]. The identification of the genotypes of these chemokine receptors as biomarkers
of the development and/or severity of autoimmune diseases, such as SLE, may
provide new therapeutic options considering the individual's genetic profile [61].

In an overall assessment, reduced CCR5 expression appears to be protective
against the development of SLE. However, the ethnic origin is an extremely important
factor related to SLE and CCR5 expression, and should receive special attention

when interpreting the data. Additionally, the influence of CCR5 and CCR5A32 in
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different diseases should not be generalized. The role of these two factors is quite
variable in different conditions and may change at different timepoints of the same
disease. For instance, both CCR5 and CCR5A32 affect the development of
osteomyelitis, whereas in Chagas disease, CCRS5 is involved in the pathogenesis of
the disease and the CCR5A32 variant has little influence. Yet, In schistosomiasis, the
action of CCR5 seems to be based on regulatory mechanisms [62].

Additionally, some of the studies have small sample sizes, which can result in
biased conclusions. Furthermore, he unclear role of CCR5 may be due to the
presence of this receptor in cells with different functions in the immune system. For
instance, CCR5 presence on the surface of T helper cells promotes their migration
towards target tissues and exacerbates inflammation, whereas T regulatory cells
bearing CCR5 promote a tolerogenic environment and reduction of inflammation.
CCR5 may also contribute to the resolution of inflammation by acting as a decoy
receptor [58, 59].

In conclusion, this study indicates that CCR5 promoter polymorphisms are
important disease modifiers in SLE, and that genetic background should be carefully
considered when investigating the association of SLE and chemokine receptors.
Present data reinforces CCRS5A32 polymorphism as a protective factor for the
development of the disease in European-derived patients, and as a susceptibility
factor for class IV nephritis in African-derived patients. Furthermore, we demonstrate
a reduced frequency of HHA/HHB and an enhanced frequency of HHC and HHG*2 in
our African-derived patients, which could be related to a higher expression of CCR5
in specific cell subsets and a lower expression of CCR5 overall. These findings are
further evidence that CCR5 promoter polymorphisms are important in autoimmune

diseases and emphasize the need for more studies in this area.
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8. CONCLUSOES
Concluimos que o haplétipo HHG*2, portando o alelo CCR5A 32, foi o unico

haplétipo associado a protegdo de LES em pacientes. Nas analises de grupos de
ancestralidade africana, as frequéncias dos haplétipos HHA/HHB, HHC e HHG*2
diferiram quando comparados ao grupo controle. A frequéncia do haplétipo HHG*2
foi aumentada em pacientes de ancestralidade africana, enquanto o oposto foi
encontrado em pacientes de ancestralidade europeia. Este alelo n&do esta
originalmente presente em populagbes africanas nativas, e sua presenga em
individuos de ancestralidade africana resulta da miscigenagcdo. Tendo isso em
mente, podemos inferir que a frequéncia diminuida de HHA e a frequéncia
aumentada de HHC em nossos pacientes de ancestralidade africana podem estar
relacionadas a uma expressdo aumentada de CCR5 em subconjuntos de células
especificas e a uma expressédo reduzida de CCR5 em geral.

O papel controverso de CCRS descrito neste trabalho ndo é uma novidade em
doengas autoimunes. Entretanto, LES parece seguir a mesma tendéncia observada
em Artrite Reumatoide, sendo que em uma avaliagdo global, a expressao reduzida
de CCRS parece ser protetora contra o desenvolvimento de LES. A origem étnica é
um fator extremamente importante relacionada ao desenvolvimento de LES e a
expressdao de CCRS5, e deve receber atencdo especial. Além disso, o papel
controverso de CCR5 pode ser devido a presenca deste receptor em células com
diferentes fung¢des no sistema imunoldégico.

De acordo com nossos resultados, em pacientes de ancestralidade europeia,
CCR5A32 e as frequéncias reduzidas do haplétipo HHG*2 estdo associados ao
desenvolvimento da doenca (p=0,001; OU 3,5; 95% CI 1,6-7,5 e 2,0%,vs. 7,2%

residual p= 2,9E-5, respectivamente). Em pacientes de ancestralidade africana, as
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frequéncias dos haplétipos HHA/HHB, HHC e HHG*2 diferiram entre pacientes e
controles (10% vs 20,5%, residual p= 0,003; 29,4%vs. 17,4%, residual p=0,003 e
3,9%vs. 0,8%, residual p=0,023; respectivamente). Considerando as manifestagdes
clinicas da doenca, a presenga de CCR5A32 foi confirmada como fator de
suscetibilidade para nefrite classe IV no grupo de ancestralidade africana e quando
os pacientes foram considerados em conjunto (p corrigido=0,012; OU 3,0; 95% CI
3,0-333,3 e p corrigido= 0,0006; OU 6.8; 95%IC 1,9-2,48, respectivamente). Em
conclusao, descrevemos uma frequéncia reduzida de HHA/HHB e uma frequéncia
aumentada de haplétipos HHC e HHG*2 em nossos pacientes de ancestralidade
africana, o que potencialmente reflete em uma expressdao aumentada de CCR5 em
subconjuntos de células especificos e em uma expressao reduzida de CCRS5 geral.
Estudos adicionais devem ser realizado para o melhor entendimento desta resposta

imune.



55

9. CONSIDERAGOES FINAIS

Neste trabalho, demonstramos o possivel papel de polimorfismos na regiao
promotora do gene CCR5 como modificadores da doenga em pacientes com LES.
Nossos dados demonstram que a variante CCR5A32 atua como fator protetor para o
desenvolvimento da doenca em pacientes de ancestralidade europeia e como fator
de suscetibilidade para nefrite classe IV em pacientes de ancestralidade africana. A
literatura atual reforca a necessidade de mais estudos nessa area, visto que ha
muitos resultados controversos. Desta forma, poderemos também esclarer o real
impacto desta variante em diferentes condi¢gdes genéticas, ambientais, étnicas e

clinicas.
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